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An electrophotographic organic photoconductor comprises a 
conductive substrate bearing an organic photosensitive 
layer (PL). The novelty is that (PL) includes, as electron 
transport materials diphenoquinone derivs. (A) and (B) 
such that: 

(a) (B) has a larger absolute value for reduction potential 
than (A); and 

(b) (B) forms 3-50 (5-25) wt.% of the total wt. of the 
electron transport materials (ETM). 

USES/ ADVANTAGES 

The photoconductor is used in a copying machine, laser 
printer etc. and the invention provides a monolayer photo- 
conductor of small residual potential and improved sensitivity 



E00-A6) G(6-F6) 



which can be either positively or negatively charged. 

PREFERRED PH0TOCONDUCTORS 

The (PL) comprises a resin compsn. , (binder) , a 
charge generation Tnaterial (CGM), a halo transport 
material (HTM) and electron transport materials (ETM). 

(ETM) is included at 10-80 wt.% based on the binder 

wt.. 

(A) is a cpd. of formula (1), (2) or (3) and (B) is a 
cpd. of formula (4): 
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R 1 to R 6 = H, alkyl. alkoxy, aryl. aralkyl, cycloalkyl, or 
Opt. substd. amino provided: 

(i) R 1 and R 2 are not the same; 

(ii) R 3 to R 6 can differ one from another, or 3 or 4 of 
R 3 to R 6 can be the same; 

A is 3 . 5-dimethyl-3 , S'-di-t-butyl-l J'-oUpJienpjiuinone . (A-l) 
B is 3,3\5,5 r -tetra-t-butyl-4,4'-diphenoquinone. (B-l). 

The HTM has an ionisation potential of 53-5.6 eV.. The 
CGM has an ionisation potential of 5.3-5.6 eV.. The CGM 
is included at 0.1-10 wt.% based on binder, and is an 
X-type metal-free phthalocyanine . The HTM is alkyl substd 
triphenyldiamine. The difference between the redn. 
potentials of (A) and (B) is 0.03V or more. 

EXAMPLE 

3~pts. wt. of a CGM, 50 pts. wt. of an HTM, cpds. 

(A) and (B) in various proportions and 100 pts. wt. of a 
polycarbonate binder resin were ball milled in CH 2 C1 2 to 
obtain formulations for a single photosensitive layer. These 
were coated onto Al foil and dried to obtain 15-20 u layers. 
The photoconductors were evaluated in an electrostatic copy 
test appts. with positive or negative charging. Exposure 
was to a white halogen, light source. Typically, an example 
of the invention was formualted for X-type metal-free 
phthalocyamine, S^'-dimethyl N.N.^N'-tetrakis^-methyl- 
DhenvKl.l'-biphenyn^^'-diamlne as (HTM ). 4:1 (A-l): — 



(B-l) and gave an initial potential of +694V, potential after 
1 second exposure + 145V and E* of 0.801. (19ppl950CMDwg 
NoO/0). 

SR:1Jnl.Ref EP426445 EP449565 EP506387 
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(g) An electrophotographic organic photosensi- 
tive layer is formed by using a diphenoquinone 
derivative A and a diphenoquinone derivative B 
having a larger absolute value for reduction 
potential as electron transport materials. The 
diphenoquinone derivative A is, for example, 
3,5-dimethyl-3\5'-dk-butyl-4,4'-dipheno- 
quinone. The diphenoquinone derivative B is, 
for example, a^'.S.S'-tetra-t-butyl-M'-dipheno- 
quinone. The diphenoquinone derivative B is 
included in the proportion of 3 to 50 wt% on the 
basis of the total weight of the electron trans- 
port materials (the diphenoquinone derivatives 
A and B). 
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Thepres ntinventionr ,at stoan , -P~^ 
chine, a laser printer and th lik . Mor Pf^^J^^ir d polarity, i.e.. ith r positively or 
trophotographic organic photoconductor wh.ch can be charge ' «*J ™ r P 

negatively, and has a small r sidual potential and ar ' "^2SL. the light source generally has a 

sensitivity and a high mechanical strength. ■ . llrtor is reau j re d to have high carrier mobility. Since 
The charge transport material used in the pho ""^KI^S^ materials, all the practical 
most of the charge transport materials with high ^J^^^^Z^^ charged. However, 
organic photoconductors including such a charge ^"sport materia always J y amou nt of ozone 
whenanegativechargeisprcducedonthesur^^^^ 

is produced due to a reaction with oxygen .n a.r, ^SI^^^S^ to be obtained - 

resulting in problems of environmental f^^^SSS^, a' decomposition system for the 

g=r^ 

solve the above-mentioned problems, resuming -n a comp " t ^^^nTthe photosensitive layer. 

The multilayer type photoconductor '^^^SS^^MM tends to cause an inter- 
Moreover, an interface is present between the CGL and the CTL. Such an 

ference fringe. oh«„o- mB ntioned disadvantages, use of an electron 

As a charge transport materia, for <^^J^^^^iZ^ So. 1-20634 9 discloses 
transport materia, is proposed. ^^^T^SZ cTrge fransport materia., 
the use of a compound having a d.phenoqu.none structure ^ have a r compatibility 

However, the electron transport materials inc uding ^^^^Z^l, an electron has 

with a binding resin. ^ ~£2SZ*m * «* ™us, a 

difficulty in moving within an electnc field witn a low voiwy , developed, 
photoconductor utilizing a practical electron Jansport *~ dto b e«*op ^ ^ 

On the other hand, a P^c-ducter w^ h ^^jS^ various disadvantages can be over- 
or negatively, has a wider range of application. As a result, me rorea a 

an organic photosensitive layer formed on the ^^^^^Z^Z^^ derivative B 
includes, as election transport materials a ^^^7^iX^J^ derivative A. and the 
m having a larger absolute value for P«"£ ^^S^S^of thtlol-^ofll- 

dlplianoquinoM derivative B is included in the proportion of 3 to 50 wt/o on 

electron transport materials. ^, ies a mnn oiawer made of a resin composition including 

in one embodiment, the organic photosensitive ^«™^^Z*L and a binding resin, 
a charge generation material, a hole transport >^?££^ potion of 10 to 80 wt% on the 
so In one embodiment, the electron transport matenal is included in tne prop 

basis of the weight of the binding resin. rporese nted by a general formula selected from 

. . r ii • m| C r mi il a A' 
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by the following gen ral F rmula 4 

55 
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wherein R 1 through R 6 are independently hydrogen, alkyl, alkoxy, aryi, alalkyl, cycloalkyl, amino or substituted 
amino; R 1 and R 2 are different from each other; and R 3 through R 8 can be different from one another, or two 
alone, or three or four of R 3 through R 8 can be identical to one another. 

In one embodiment, the diphenoquinone derivative A is a^-dimethyl-S'^'-di-t-butyl-A^'-diphenoquinone. 
35 In one embodiment, the diphenoquinone derivative B is 3,3\5,5'-tetra-t-butyl-4,4'-diphenoquinone. 

In one embodiment, the hole transport material has an ionization potential of 5.3 to 5.6 eV. 

In one embodiment, the charge generation material has an ionization potential of 5.3 to 5.6 eV. 

In one embodiment, the charge generation agent is included in the proportion of 0.1 to 1 0 wt% on the basis 
of the weight of the binding resin. 
40 In one embodiment, the hole transport material is alkyl substituted triphenyldiamine. 

In one embodiment, the charge generation material is an X-type metal free phthalocyanine. 

In one embodiment, the diphenoquinone derivative B is included in the proportion of 5 to 25 wt% on the 
basis of the total weight of the electron transport materials. 

In one embodiment, a difference between the reduction potentials of the diphenoquinone derivative A and 
45 the diphenoquinone derivative B is 0.03 V or more. 

Thus, the invention described herein makes possible the advantages of (1) providing an electrophoto- 
graphic organic photoconductor having an extremely low residual potential and excellent sensitivity by using 
a combination of two specific kinds of diphenoquinone derivatives in a specific ratio as electron transport ma- 
terials; (2) providing an electrophotographic organic photoconductor which can realize a rapid operation of a 
50 copying machine, a printer or the like; (3) a monolayer type organic photoconductor having a low residual po- 
tential and improved sensitivity by using a hole transport material with an ionization potential of 5.3 to 5.6 eV, 
preferably 5.32 to 5.56 eV, together with the above-mentioned diphenoquinone derivatives; and (4) providing 
an electrophotographic organic photoconductor of a monolayer dispersion type which can be charged with a 
desired polarity, i.e., either positively or negatively. 
55 These and other advantages of the present invention will b come apparent to those skill d in the art upon 

reading and und rstanding the following d tailed description with reference to the accompanying figures. 

Figure 1 is a graph showing th relationship between the reducti np tential fa diphenoquinone derivative 
B and th residual potential of a photosensitiv member including th diphenoquinone derivative B. 

Figur 2 is a sectional view of an exampl of a monolay r type organic ph t conduct r according to the 

3 
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present inv ntion wherein the operation of the photoconductor is shown. 

Figure 3 shows the mov ment of an electron in a monolayer typ organic photoconductor comprising a 
charg generation material, two kinds of diphenoquinon derivatives and a hole transport material in a pr de- 
5 termined ratio. 

Figure 4 shows the relationship b tw enaswe p voltage (V) of a diph noquinon d rivative and a current 
(uA) for calculation of a reduction potential. 

The present inventors have found that a residual potential of a photoconductor is markedly reduced and 
the sensitivity thereof is improved by using a mixture of two specific diphenoquinone derivatives in a specific 
10 ratio as electron transport materials. The present invention is thus accomplished. 

The diphenoquinone derivatives are used as the electron transport materials in the present invention be- 
cause they are more excellent in their electron transferring property than conventional electron transport ma- 
terials. The reason for the excellent electron transferring property of the diphenoquinone derivatives is as fol- 
lows: Quinone type oxygen atoms having excellent electron accepting property are bound to both terminals 
15 of a molecular chain of a diphenoquinone derivative. Moreover, double bonds are conjugated within the entire 
molecular chain. As a result, electrons are allowed to easily move in the molecular structure of the dipheno- 
quinone derivative and are readily transferred and accepted between the molecules of the diphenoquinone 
derivatives. 

Diphenoquinone has a low solubility in a solvent to be used in forming a photosensitive layer and also has 

20 a low compatibility with a binding resin used as a medium in a photosensitive layer because of its symmetric 
and stiff molecular structure. The diphenoquinone derivative having a substituent such as alkyl and aryl has 
an improved solubility in a solvent and compatibility with a binding resin as compared with diphenoquinone 
having no such substituent. Especially, a diphenoquinone derivative having asymmetric substituents can be 
dispersed in a photosensitive layer at a higher concentration. Moreover, a fixed relationship was found between 

25 the absolute values for reduction potential and the weight ratio of the diphenoquinone derivatives to be used 
together and the residual potential of a photoconductor produced by using the diphenoquinone derivatives. 
The low residual potential indicates that the photoconductor has high apparent sensitivity. As a result it was 
found that a photoconductor having a minimized residual potential can be obtained by using a combination of 
a diphenoquinone derivative Aand a smaller amount of a diphenoquinone derivative B having a larger absolute 

30 value for reduction potential. 

Figure 1 is a graph obtained by plotting the relationship between a reduction potential (-V) of an electron 
transport material (diphenoquinone derivative B) and the residual potential after electrification and exposure 
in a monolayer type organic photoconductor. This photoconductor has a photosensitive layer comprising a 
charge generation material (X-type metal free phthalocyanine), diphenoquinone derivatives A and B selected 

35 from various diphenoquinone derivatives, and a hole transport material (3,3'-dimethyl-N,N,N , ,N , -tetrakis-4-me- 
thyiphenyl(1,r-biphenyl)-4,4'-diamine) in a predetermined weight ratio. The weight ratio is, as in Example 4 
described below, 3 parts by weight of the charge generation material, 50 parts by weight of the hole transport 
material, 40 parts by weight of the diphenoquinone derivative Aand 1 0 parts by weight of the diphenoquinone 
derivative B. 

40 in Figure 1 , Plot 1 indicates the change in the residual potential of an organic photoconductor obtained by 

using 3,5-dimethyl-3',5'-di-t-butyl-4,4*diphenoquinone having a reduction potential of -0.86 V as the dipheno- 
quinone derivative A and one of diphenoquinone derivatives a through f described below as the diphenoqui- 
none derivative B. 

Point on a longitudinal line A' in Figure 1 indicates a residual potential of a photoconductor obtained by using 
45 the diphenoquinone derivative a. Point on a longitudinal line B' indicates that obtained by using the dipheno- 
quinone derivative b, one on C indicates that obtained by using the diphenoquinone derivative c, one on D' in- 
dicates that obtained by using the diphenoquinone derivative d, one on E* indicates that obtained by using the 
diphenoquinone derivative e, and one on F' indicates that obtained by using the diphenoquinone derivative f. 
For example, Point B' on Plot 1 indicates the residual potential of an organic photoconductor having a pho- 
50 tosensitive layer comprising 3,5-dimethyl-3\5'-di-t-butyl-4,4'-diphenoquinone as the diphenoquinone deriva- 
tive Aand the diphenoquinone derivative b, that is, S.S'-diphenyl-^S-di-t-butyM.^-diphenoquinone as the di- 
phenoquinone derivative B in the proportion of 25 wt% on the basis of the weight of the diphenoquinone der- 
ivative A (i.e., 20 wt% on the basis of the total weight of the diphenoquinone derivatives Aand B). Point A on 
Plot 1 indicates the residual pot ntial of an organic phot conductor having a photos nsitive layer comprising 
55 only th diphenoquinon derivativ A, that is, ^dimethyl-S^'-dM-butyM^'-diphenoquinone, alone. 

Similarly, Plot 2 indicates a change in the residual p tential of a photoc nductor obtain d by using 3,5'- 
diph nyl-3\5-di-t-butyl-4,4'-diphenoquinone having a reduction p t ntial of -0.74 V as the diphen -quinone 
derivativ A and one of the diphenoquin ne derivatives a through f d scribed b low as the diph noquinone 
derivative B. 

4 
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Plot 3 indicates a change in the r sidual pot ntial of a photoconductor obtained by using 3,5-dimethoxy- 
3 , .5 , -di-t-butyl-4,4'-diph noquinon having a reduction pot ntial of -0.87 V as th diph noquinone derivativ 
A and one of the diphenoquinone derivatives a through f as th diphenoquinon derivative B. 
5 The diphenoquinon derivativ s a through f used for plotting the graph in Figure 1 are as follows: 

The diphenoquinon derivative a: 3,5-dimethyl-3\5'-di-t-butyl-4,4 '-diphenoquinone having a reduction po- 
tential of -0.86 V. 

The diphenoquinone derivative b: 3,5 -diphenyl-S'.S-di-t-butyM^'-diphenoquinone having a reduction po- 
tential of -0.74 V. 

10 The diphenoquinone derivative c: 3,5-dimethoxy-3',5'-di-t-butyl-4,4 , -diphenoquinone having a reduction 

potential of -0.87 V. 

The diphenoquinone derivative d: S.^S.S'-tetra-t-butyM^'-diphenoquinone having a reduction potential 
of -0.94 V. 

The diphenoquinone derivative e: 3,5 -bis(a,a,y,y-tetramethylbutyl)-3',5-dipheny1-4,4'-diphenoquinone 
15 having a reduction potential of -0.76 V. 

The diphenoquinone derivative f: S.S'-bista-dimethylbenzylJ-S'.S-dKa-methylpropylH^ -diphenoquinone 
having a reduction potentiaLof -0.85 V. 

As is obvious from Figure 1, the residual potential of a photoconductor can be kept at a low level and the 
sensitivity thereof can be improved by using two kinds of the diphenoquinone derivatives having different ab- 
20 solute values for reduction potential, using the diphenoquinone derivative with a larger absolute value for re- 
duction potential in a smaller amount. 

The photoconductor obtained by using a combination of the diphenoquinone derivatives indicated by the: 
point on D' on Plot 1 in Figure 1 will now be described in detail as an example. 

As described above, when the diphenoquinone derivative d (i.e., S^'.S.S'-tetra-t-butyl^'-diphenoqui- 
25 none) alone is used as the electron transport material, electrons released from the electron generation material: 
can be readily implanted into the diphenoquinone derivative. However, the diphenoquinone derivative d is in- 
ferior to the diphenoquinone derivative a (i.e., S^dimethyl-S^'-di-t-butyM^'-diphenoquinone) in solubility 
in a solvent and compatibility with a binding resin. 

On the contrary, when the diphenoquinone derivative a alone is used as the electron transport material, 
30 although it can be dispersed in a binding resin at a higher concentration, some portions of the diphenoquinone 
derivative a dispersed in the binding resin do not contribute to the electron implantation, thereby decreasing, 
the electron implantation efficiency. 

However, by combining them in a specific ratio, a synergistic effect is produced. The portion which does 
not contribute to the electron implantation when the diphenoquinone derivative a alone is used is improved to 
35 contribute to the electron implantation through the addition of the diphenoquinone derivative d. As a result, an 
organic photoconductor having a low residual potential and improved sensitivity can be obtained. 

Figures 2 and 3 show a principle for latent image formation in a monolayer type organic photoconductor 
according to the present invention. 

In Figure 2, a monolayer type photosensitive layer 2 is provided on a conductive substrate 1. In the organic 
40 photosensitive layer 2, a charge generation material CG, an electron transport material ET1 (diphenoquinone 
A), an electron transport material ET2 (diphenoquinone B) and a hole transport material HT are dispersed. 

The surface of the photosensitive layer 2 is positively (+) charged in electrification prior to exposure, there- 
by inducing negative charges (-) on the surface of the conductive substrate 1 . At this point, a ray (hv) irradiates 
the surface of the photoconductor, thereby generating charges in the charge generation material CG. One type 
45 of electrons are implanted into the electron transport material ET1 through the electron transport material ET2, 
and the other type of electrons are directly implanted into the electron transport material ET1. The electrons 
are moved onto the surface of the organic photosensitive layer 2 by these two routes, thereby neutralizing 
the positive charges (+) thereon. On the other hand, holes (+) are implanted into the hole transport material 
HT, moved onto the surface of the conductive substrate 1 without being trapped, and neutralized by the neg- 
so ative charges (-) thereon. 

Namely, as is shown in Figure 3, some electrons released from the charge generation material CG by the 
exposure are not implanted into the electron transport material ET1 when the conventional diphenoquinone 
derivative alone is used. However, these electrons are first implanted into the electron transport material ET2 
(i. ., diphenoquinone derivative B) used in the present invention, which has an excellent implantation efficiency 
55 and has a comparativ ly large absolute value for reduction potential. Then, these electrons are readily implant- 
d int the electron transport material ET1 (i.e., diphen quinone derivative A). In this manner, more el ctrons 
are implanted into the electron transport material ET1 (i.e., diphenoquinone derivativ A) via th el ctron trans- 
port material ET2 (i.e., diphenoquinon derivative B). Thus, th lectron implantation ff iciency into the elec- 
tron transport material is improved, r suiting in the higher sensitivity f th photoconductor. 
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As is d scribed abov , th diph noquinon derivativ B is inferior to th diphenoquin ne derivative A in 
the solubility in a solv nt and the compatibility with a binding resin. Howev r, such a problem « sofced by add- 
ing the diphenoquinone derivativ Binth proportion of 3 to 50 wt% bas d on th total weight of th elecfron 
lansport materials (diph noquinon d rivatives A and B). Ev n if a small amount of th diphenoquinone der _ 
ivative Bis added, the total amount of the electrons implant d into the diphenoquinone d nvabveA.nth end 
is larger than the case where the diphenoquinone derivative B is not used. Moreover, since the diphenoquinone 
derivative B has a larger absolute value for reduction potential than the diphenoquinone derivative A, which 
mainly serves as the electron transport material, the diphenoquinone derivative B does not trap the electrons 

The diphenoquinone derivative A used in the present invention is preferably an asymmetric substofotional 
type diphenoquinone derivative represented by any of the following general Formulas 1. 2 or 3, and the di- 
phenoquinone derivative B is preferably represented by the following general Formula 4: 



20 



25 




(2) 



30 



35 



40 



45 




(3 ) 




(4) 



wherein Ri through R» are independently hydrogen, alkyl. alkoxy, aryl. alalkyl. cycloalkyl. amino or substituted 
amino; R' and R 2 are different from each other, and R* through R« can be different from one another, or two 
so alone, or three or four of R« through R« can be identical to one another. 

Examples of the alkyl include lower alkyls such as methyl, ethyl, n-propyl. .sopropyl. n-butyl, .sobutyl. and 

''^Especially, a symmetric diphenoquinone derivative wherein R* through R» are all identical to one another 

55 ' SP Unlimited examples of the diphenoquinon derivativ Aindud 3.5-dim thyl-3\5 1 -di-t-butyM.4 1 -diph no- 
quinone. 3.3'-dimethyl-5,5'-di-t-b U tyl-4.4'-diphenoquinon , and 3,5'-dim thyl-3\5-di-t-butyl-4,4 -diphenoqui- 
none. These diphenoquinone d rivatives having th substituents ar preferred, because an interaction be- 
tw enth mol cul sar small due to th low symmetry of the m I cul s. r suiting in an excellent solubihty. 
Th s diph noquinone derivativ sAcan be used singly or a combinati n of two or more of them can be used. 
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The diphenoquinone derivative B used in the present inv ntion is preferably one represented by the gen- 
era! Formula 4. Unlimited exampl s includ 3,3\5,5'-tetra-methyl-4,4'-diphenoquinone, S.S'.S.S-tetra-ethyi- 
4,4 t -diphenoquinon , and S^'^S'-tetra-t-butyl^'-diphenoquinon . These diphenoquinone derivativ s B can 
5 b used singly or a combination of two or mor of them can be used. 

A difference in the absolut values for r duction potential of th two kinds of diphenoquinone derivatives 
is preferably 0.03 V or more. 

The mixing ratio of the diphenoquinone derivative B on the basis of the total weight of the electron transport 
materials, that is, generally the total weight of the diphenoquinone derivatives A and B, is preferably 3 to 50 
10 wt%, and more preferably 5 to 25 wt%. When the mixing ratio of the diphenoquinone derivative B is less than 
3 wt%, the effectiveness in decreasing the residual potential of the photosensitive layer is not sufficient as 
will be described below. In addition, the effect to improve the sensitivity is not sufficient. If the mixing ratio of 
the diphenoquinone derivative B exceeds 50 wt%, a further effect can not be expected. Moreover, the diphe- 
noquinone derivatives are crystallized in such a ratio, and therefore, the resultant organic photoconductor can 
15 not be practically used. 

The hole transport material used in the present invention is a conventionally known hole transport material. 
Examples include nitrogen containing cycljc compounds such as oxadiazole compounds, styryi compounds, 
carbazole compounds, pyrazoline compounds, hydrazone compounds, triphenylamine compounds, indole 
compounds, oxazole compounds, isoxazole compounds, thiazole compounds, thiadiazole compounds, imida- 
20 zole compounds, pyrazole compounds and triazole compounds; organic polysilane compounds; and con- 
densed polycyciic compounds. 

Among the above hole transport materials, those having an ionization potential of 5.3 to 5.6 eV are pre- 
ferred. Moreover, those having a mobility of lOr 6 Vcm or more at an electric field strength of 3 x 10 5 V/cm are 
more preferred. More specifically, alkyl substituted triphenyldiamine is preferable. 
25 The ionization potential was measured by an atmospheric photoelectric analyzing appratus (produced by 

Riken Instrument Co., Ltd.; AC-1). 

Unlimited examples of the hole transport material used in the present invention include 1,1-bis(p-diethy- 
laminophenyl)-4,4-dipheny1-1,3-butadiene, N,N'-bis(o,p-dimethylphenyl)-N,N r -diphenyl benzidine, 3,3'-dime- 
thyl-N.N.N'^'-tetrakis^-methylphenyKI.I'-biphenylH^'-diamine, N-ethyl-S^rbazolylaldehyde-N.N'-di- 
30 phenylhydrazone, and 4-[N,N-bis(p-toluyl)-amino] / -p-phenylstiibene. /N j r N " rn ^ ' 

It was found that a hole transport material having the ionization potential in the above-mentioned range 
can reduce the residual potential of the resultant photoconductor and improve the sensitivity thereof. The rea- 
son for causing such characteristics is not limited to but considered to be as follows: 

Whether or not the charges can be readily implanted into the hole transport material from the charge gen- 
35 eration material largely depends upon the ionization potential of the hole transport material. When the ioniza- 
tion potential of the hole transport material exceeds 5.6 eV, only a small amount of the charges are implanted 
from the charge generation material to the hole transport material or only a small amount of the holes are trans- 
ferred and accepted between the molecules of the hole transport material. As a result, the sensitivity of the 
resultant photoconductor is degraded. 
40 In the system including both the hole transport material and the electron transport material, attention 

should be paid to the interaction between them, especially to a formation of a charge-transfer complex. When 
a charge-transfer complex is formed of the hole transport material and the electron transport material, the mo- 
bility of the charges as a whole is degraded because the holes and the electrons are recombined. 

When the ionization potential of the hole transport material is less than 5.3 eV, a complex is likely to be 
45 formed of the hole transport material and the electron transport material. Thus, since the holes and the elec- 
trons are recombined as described above, the apparent quantum yield is reduced, resulting in lowering the 
sensitivity of the photoconductor. 

Therefore, the diphenoquinone derivatives gains steric hindrance by incorporating a substituent, especially 
a bulky substituent, into the diphenoquinone skeleton. As a result, a complex is prevented from being formed 
50 of the hole transport material and the electron transport material. 

Examples of the charge generation material to be used in the present invention include selenium, selenium- 
tellurium, amorphous silicon, pyrrylium salt, azo dyes, disazo dyes, anthanthrone dyes, phthalocyanine dyes, 
indigo dyes, threne-type dyes, toluidine dyes, pyrazoline dyes, perylene dyes, and quinacridone dyes. These 
dyes can be used singly or a combination of two or more of them can be used so as to have an absorption 
55 wav length in a desired regi n. The charge generation mat rial having th ionization potential of 5.3 to 5.6 eV 
ar preferred. An X-type metal fr phthal cyanin and oxotitanyl phthalocyanine are particularly preferred. 

When the h I transport material t b us din this inv nti n together with the charg generation material 
has the i nization pot ntial of 5.3 to 5.6 e V, the charge gen ration material has an ionization potential balanced 
with that of the hole transferring medium. Specifically, the ionization potential of the charge gen ration material 
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is 5.3 to 5.6 V, and pr ferably 5.32 to 5.38 V to attain a small residual pot ntial and an improv d sensitivity 
of the photoconductor. . 

Various kinds of known r sins conventionally used in an organic photosensitive lay r can be used as a 
binding resin for dispersing th foregoing mat rials in the organic photosensitive layer of the present ,nv ntion^ 
Examples of the binding r sin include styr ne type polym rs, acrylic type polymers, styren acrylic type co- 
polymers, ethylene-vinyl acetate type copolymers; olefine type copolymer^ such as polypropylene and lono- 
mer polyvinyl chloride, vinyl chloridevinyl acetate copolymers, polyester, alkyd resins, polyam.de, po yur- 
ethane, epoxy resins, polycarbonate, polyallylate. polysulfone, diallylphthalate resins, silicone resins, ketone 
resins, polyvinyl butylal resins, polyether resins, phenol resins; and thermosetting resins such as epoxy ac- 

^^These binding resins can be used singly or a combination of two or more of them can be used. Preferable 
binding resins are styrene type polymers, acrylic type polymers, styrene-acrvlic type copolymers, polyester, 
alkyd resins, polycarbonate and polyallylate. _ 

In the photoconductor according to the present invention, the charge generat.cn material . i used in the 
proportion of 0.1 to 10 wt% on the basis of the weight of the binding resin, and more preferably 0 5 to 5 wrt k. 
The electron transport materials (the diphenoquinone derivatives A and B) are used in the proportion of 0.1 to 
80 wt% on the basis of the weight of the binding resin, and more preferably 30 to 60 wt% 

The hole transport material is included in the photosensitive layer in the proportion of 5 to 80 wt /. based 
on the weight of solid components, and more preferably 20 to 50 wt%. Moreover, the weight ratio of the electron 
transport materials (diphenoquinone derivatives A and B) to the hole transport material is in the range of 1 .9 
to 9:1 , and more preferably 2:8 to 8:2. .„„„ m 

The resin composition for forming the organic photosensitive layer can further include vanous known com- 
ponents such as an antioxidant, a radical trapping agent, a singlet quencher, a UV absorber, a softener, a sur- 
face modifier, a flatting agent, an extender, a thickener, a dispersion stabilizer, a wax, an acceptor, and a doner 
when such addition does not badly affect the electrophotographic charactenst.es. 

Especially, when a phenol type antioxidant with steric hindrance is mixed in the resin compos.t.on in the 
proportion of0.1to20wt% based on the solid components, durability of the photcsensith^elayercan be remarkably 
improved without badly affecting the electrophotographic characteristics. Suitable antioxidants are 2 ^™^ 
cresol, methylene g|ycol-bisl3-(3-t-butyl-5-methyl-4-hydroxyphenyl)propionate], pentaerythrrtvl-tetrakis[3-(3,5^K 
t-butyl^hyd ro xyphenyl)p ro ptonate],octade^^ 

t-butyl-4-hydroxyphenyl)propionate. 4,4'-butyliden-bis-(3-methyl-6-t-butyl-phenol). 2-(3,5-d.-t-butyl-4-hy- 
droXnzyWnl^ 

r-hydroxybenzylM-methylphenyl acrylate, and 3.9-bis[1.1-dimethyl-2-{B-(3-t-butyl-4-hydroxy-5-methylphe- 
nyl)propionyloxy)ethyl]-2,4,8,10-tetraoxaspiro[5.5]undecane. 

As the conductive substrate used in the organic photoconductoraccording to the present inventwn, various 
conductive materials can be used. Examples of the material for the conductive substrate include metals such 
as aluminum, copper, tin, platinum, gold, silver, vanadium, molybdenum, chromium, cadmium, itan.um, nickel^ 
indium stainless steel, and brass; plastic materials on which one of the above-mentioned metals is evaporated 
or laminated; and glass coated with aluminum iodide, tin oxide, indium oxide or the like. Since the monolayer 
type organic photoconductor according to the present invention does not have the interference fringe and the 
like, an ordinary aluminum tube, especially one subjected to an alumite treatment for forming a layer with a 
thickness of 1 to 50 um thereon, can be used. „^„ rfll ^«„ 0 
The organic photoconductor according to the present invention can be produced by coating a conductive 
substrate with a coating solution containing the resin composition including the above-mentioned materials 
dissolved or dispersed in a solvent, and drying the resultant substrate. 

The coating solution can be prepared by any conventional method, for example, by using a dis ipersmg de- 
vice such as a roll mil. a ball mill, an attritor, a paint shaker and an ultrasonic dispersing device. The obtained 
coating solution can be coated on a conductive substrate by a conventional method. 

Various kinds of organic solvents can be used as a solvent used in the preparation of the coating solution. 
Examples of the solvent include alcohols such as methanol, ethanol. isopropanol and butanol; alipnatoc hy- 
drocarbons such as n-hexane, octane, and cyclohexane; aromatic hydrocarbons such as benzene, toluene 
and xylene; halogenated hydrocarbons such as dichloromethane. dichloroethane, carbon tetrachloride, and 
chlorobenzene; ethers such as dimethyl ether, diethyl ether, tetrahydrofuran, ethylene glycol dimethyl ether 
and diethyl n glycol; ketones such as aceton , methyl ethyl k tone, and cydohexanone; esters such as thyl 
acetat and m thyl acetate; dimethyl formamide. and dim thyl sulfoxide. Th s solvents can b used singly 
or a combination of two or more of them can b us d. 

The organic phot conductor according to th pr s nt invention can b applied to both a monolay r typ 
and a multilayer type phot conductors. Pr ferably. th present inv ntion is applied to a monolay r type pho- 
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toconductor because the effect of the combination of the diph noquinon derivatives A and B is remarkably 
xhibited in a monolay r type organic photosensitive lay r. 

In a multilayer type photoconductor, th thickness of th CGL is preferably 0.01 to 5 urn, and more pre- 
5 ferably 0.1 to 3 urn. The thickness of th el ctron transferring layer is pref rably 10 to 40 u.m. 

In a monolayer type photoconductor, the thickness of the photos nsitive layer is 5 to 100 urn, and more 
preferably 10 to 40 ^im. 

A barrier layer can be formed between the conductive substrate and the photosensitive layer in a mono- 
layer type photoconductor, and between the conductive substrate and the CGL, between the conductive sub- 
to strate and the CTL or the CGL and the CTL in a multilayer type photoconductor, when the characteristics of 
the photoconductor are not harmed by such a barrier layer. A protecting layer can be formed on the surface 
of the photoconductor. 

Examples 

15 

The present invention will now be described by way of examples. 

(A) Materials to be used: 

20 The following materials are used in the examples described below. 

Charge Generation Material (CGM): 
I: X-type metal free phthalocyanine 
(Ionization potential: 5.38 eV) 
II: Oxotitanyl phthalocyanine 
25 (Ionization potential: 5.32 eV) 

Hole Transport Material (HT): 

1) N.N'-bis^^-dimethylphenyl-N.N'-diphenyl benzidine (Ionization potential: 5.43 eV) 

2) S.S'-dimethyl-N.N.N'^N'-tetraki^methylphenyltl.r-biphenylH^-diamine 
(Ionization potential: 5.56 eV) 

30 Electron Transport Material (Diphenoquinone Derivative): 
a: 3,5-dimethyl-3\5'-dht-butyl-4,4'-diphenoquinone 

(Reduction potential: -0.86 V) * * 

b: 3,5'-diphenyl-3\5-d'ht-buty1-4,4'-diphenoquinone 
(Reduction potential: -0.74 V) 
35 c: 3,5-dimethoxy-3\5'-di-t-butyl-4,4'-diphenoquinone 

(Reduction potential: -0.87 V) 
d: S.^S.^-tetra-t-butyM^'-diphenoquinone 
(Reduction potential: -0.94 V) 

e: S^'-bista^^y-tetramethylbutyiJ-J.S-diphenyW^'-diphenoquinone 
40 (Reduction potential: -0.76 V) 

f: 3,5 , -bis(a-dimethylbenzyi)-3' t 5-di(a-methylpropyl)-4,4'-diphenoquinone 
(Reduction potential: -0.85 V) 

(B) Measurement of a reduction potential: 

45 

The reduction potential was measured by cyclic voltammetry with three-electrodes by using the following: 
Electrodes: 

Working electrode: Glassy carbon 
Counter electrode: Platinum 
so Reference electrode: Silver-silver nitrate (an acetonitrile solution including 0.1 mol/liter of AgN0 3 ) 

Measuring solution: 
A measuring solution was prepared from the following: 
Electrolyte: t-Butyl ammonium perchlorate (0.1 mol) 
Material to be measured: Electron transport material (0.001 mol) 
55 S Ivent: CH 2 CI 2 (1 liter) 

Calculation of a reducti n p t ntial: 

The relati nship b tw en a sweep v Itage (V) and a current (uA) is obtained to mak a graph as sh wn 
in Figure 4. On this graph, values of E1 and E2 are measured, th reby calculating th r duction potential from 
th following equation: 
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Reduction potential = (E1 + E2)/2 (V) 
(C) Evaluation of an electrophotographic photoconductor: 

5 

By using an I ctrostatic copy testing apparatus (produced by Kawaguchi Electric Co., Ltd.; EPA-8100), 
a voltage was applied to a photoconductor obtained in each Example or Comparative Example to charge it pos- 
itively or negatively. The electrophotographic characteristics of the photoconductor were determined through 
an exposure by using a white halogen lamp as a light source. 
10 In Tables 1 and 2 below showing the results of the evaluation, "V1 (V) tt indicates an initial potential on the 

surface of a charged photoconductor. "V2 (V)" indicates potential on the surface of the photo-conductor meas- 
ured as a residual potential one second afterthe start of the exposure. "E1/2 (luxsec.) w indicates a half-valued 
light exposure calculated from the time required to halve the initial potential V1 (V). 

15 (D) Production of an electrophotographic photoconductor: > 

Compounds used in each Example or Comparative Example as the CG, the HT and the diphenoquinone 
derivatives A and B are shown in Tables 1 and 2 below. 

20 (Examples 1-4, 8-16, Comparative Example 1-5 and 7-11) 

Three parts by weight of the CG, 50 parts by weight of the HT, the diphenoquinone derivatives A and B 
in the proportions as shown in Table 1 or 2, 100 parts by weight of polycarbonate as the binding resin, and a 
predetermined amount of dichloromethane as the solvent were mixed and dispersed in a ball mill to obtain a 
25 coating solution for a monolayer type photosensitive layer to be used in each of these Examples and Compar- 
ative Examples. 

Each of the obtained coating solutions was coated on an aluminum foil with a wire bar. The resultant alu- 
minum foil was dried with warm air at 100°C for 60 minutes to form a photosensitive layer with a thickness of 
15 to 20 \im thereon. Thus, an electrophotographic monolayer type photoconductor was obtained. 
30 The obtained photoconductors were positively charged and determined for the electrophotographic char- 
acteristics by the above-mentioned method. The results are shown in Tables 1 and 2. 

(Examples 6, 7 and Comparative Example 6) 

35 Photosensitive members were obtained by using the compounds shown in Table 1 or 2 and evaluated in 

the same manner as in Example 1 except that the resultant photoconductors were negatively charged. The 
results are shown in Tables 1 and 2. 

(Example 5 and Comparative Example 12) 

40 

Photosensitive members were obtained by using the compounds shown in Table 1 or 2 and evaluated in 
the same manner as in Example 1 except that 90 parts by weight of the HT was used. The results are shown 
in Tables 1 and 2. 
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Table 1 



Example 


C 

G 
M 


H 
T 


Jjphenoqjinone A 


Diphenoquhone B 


Rotk) of 
DQ-B 


V1 
(V) 


V2 
(V) 


E1/2 
[lux- sec) 


Kind 


Amount 


Kind 


Amount 


1 


I 


<2> 


a 


48.5 


d 


1.5 


3 


+720 


+176 


1.24 


2 


I 


0 


0 


47.5 


d 


2.5 


5 


+705 


+168 


0.953 


3 


I 


0 


a 


45.0 


d 


5.0 


10 


+705 


+166 


0.921 


4 


I 


0 


a 


40.0 


d 


10.0 


20 


+694 


+145 


0.801 


5 


I 


0 


a 


5.0 


d 


5.0 


50 


+716 


+205 


1.31 


6 


I 


0 


a 


47.5 


d 


2.5 


5 


-715 


-203 


1.14 


7 


I 


0 


a 


40.0 


d 


10.0 


20 


-715 


-186 


0.996 


8 


I 


0 


a 


40.0 


d 


10.0 


20 


+731 


+153 


0.813 


9 


II 


<2> 


a 


40.0 


d 


10.0 


20 


+686 


+138 


0.806 


10 


II 


<D 


a 


40.0 


d 


10.0 


20 


+668 


+141 


0.795 


11 




o 


b 


40.0 


d 


10.0 


20 


+691 


+175 


0.841 


12 




0 


b 


40.0 


c 


10.0 


20 


+697 


+183 


0.962 


13 




0 


b 


40.0 


a 


10.0 


20 


+703 


+182 


0.969 


14 




0 


b 


40.0 


f 


10.0 


20 


+704 


+185 


0.973 


15 




0 


c 


40.0 


d 


10.0 


20 


+717 


+ 181 


i 0.955 


16 




0 


b 


25.0 


a 


25.0 


50 


+693 


+168 


0.961 



CGM: Charge Generation Material 
HT:Hole Transport Material 

Ratio of DQ-B (wt%) = — - — x 100 

A + B 
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Table 2 



Comparative 

LXQmpiC 


c 

G 
M 


H 

n 

T 


)jphenoquhonc A I 


Jiphenoquinone b| 


Katio oi 


V1 
(V) 


V2 
(V) 


E1/2 
flux • sec} 


Kind 


Amount 


Kind 


Aroount 


1 






a 


40.0 


x 
T 


lU.U 


JL\J 


+720 


+202 


1.26 


2 




(D 


a 


40.0 


e 


inn 
lU.U 


on 
zu 


+ 717 


+ 225 


1.32 


3 I 




<D 


a 


40.0 


b 


10.0 






+ 928 


1.38 


4 




(D 


a 


24.0 


d 


26.0 


DZ 




it 


* 


5 






a 


50.0 


None 


None 


U 


T / ZO 


4-9H9 
TZvZ 


1 94 


6 




(D 


a 


50.0 


None 


None 


U 


— 7"*fi 

— / 




1 36 


7 




© 


0 


50.0 


None 


None 


0 


+ 725 


+191 


1.15 


8 




<2> 


a 


50.0 


None 


None 


0 


+695 


+190 


0.921 


9 




0 


a 


50.0 


None 


None 


0 


+ 670 


+ 185 


1.19 


10 




© 


b 


50.0 


None 


None 


0 


+ 725 


+223 


1.42 


11 




(2) 


c 


50.0 


None 


None 


0 


+731 


+218 


1.32 


12 




(D 


a 


10.0 


None 


None 


0 


+721 


+244 


1.63 



CGM: Charge Generation Material 
HT:Hole Transport Material 

Ratio of DQ-B (wt%) = — ^— x 100 

A + B 

* : could not be measured due to crystilization 



Tables 1 and 2 reveal the following: 
(1) The kind of the diphenoquinone derivative: 



In Examples 4 and 8-15. as shown in Tabl 1 , the diph noquinon derivativ B having a larg r abs lut 
value for reduction potential than that of the diphenoquin ne derivativ A is used in the proportion of 20 wt% 
on th basis of th total weight of the I ctron transport mat rials (diph noquinon i d rivabves ; A , and I B> Th 
resultant photoconductors obtained in thes Examples hav a residual pot nbal (V2) of 1 38 to 185 V. and a 
half-valued light exposure of 0.795 to 0.973 lux-sec. 
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Th photoconduct rs of Comparativ Exampl s1-3ar , as shown in Table 2, id ntical to those of Examples 
4 and 8-15 except that the diphenoquinone derivativ B had a smaller absolut value for reduction p tential 
than that of th diphenoquinone derivativ A. Such photoconductors hav a residual potential (V2) of 202 to 
5 228 V, and a half-valu d light exposur of 1 .26 to 1 .38 lux-sec. 

Accordingly, an lectrophotographic organic photoconductor having an extremely low residual potential 
and excellent sensitivity can be obtained by using, as electron transport materials, a diphenoquinone derivative 
A and a diphenoquinone derivative B having a larger absolute value for reduction potential than that of the 
diphenoquinone derivative A, and using the content of the diphenoquinone derivative B in the proportion of 3 
10 to 50 wt% on the basis of the total weight of the electron transport materials. 

(2) The contents of the diphenoquinone derivatives: 

In Examples 1-5, the diphenoquinone derivative a and the diphenoquinone derivative d having a larger 
ts absolute value for reduction potential are used as the electron transport materials. The content of the diphe- 
noquinone derivative d on the basis of the total weight of the electron transport materials is varied in the range 
of 3 to 50 wt%. 

The photoconductor obtained in Comparative Example 4 is identical to that of Example 1 except that the 
diphenoquinone derivative d is contained in the proportion of 52 wt%. The photoconductor obtained in Com- 
20 parative Example 5 is identical to that of Example 1 except that the diphenoquinone derivative d is not con- 
tained. 

Judging from the comparison of the photoconductors obtained in Examples 1-4 with those obtained in 
Comparative Examples 4 and 5, addition of the diphenoquinone derivative d exhibited a remarkable effect in 
reducing the residual potential of the photoconductor. However, too large an amount of the diphenoquinone 

25 derivative d causes crystallization in the photosensitive layer. 

The photoconductors obtained in Examples 8-11 and 15 are identical to those obtained in Comparative 
Examples 7-11 except that two diphenoquinone derivatives are used in Examples 8-11 and 15. Judging from 
the comparison of the photoconductors obtained in Examples 8-11 and 15 with those obtained in Comparative 
Examples 7-1 1 , and the photoconductors obtained Examples 1 3 and 16 with that obtained in Comparative Ex- 

30 ample 10, it is found that the above applies to cases where other kinds of charge generation materials and 
hole transport materials are used. 

i 

(3) A difference between the positive charge and the negative charge: 

35 In Examples 2 and 4, the photoconductors were obtained by using a combination of the diphenoquinone 

derivatives A and B, and positive electrification. In Comparative Example 5, the photoconductor was obtained 
by using the diphenoquinone derivative B alone and positive electrif ication. The photoconductors obtained in 
Examples 6 and 7 and Comparative Example 6 were negatively charged. 

From the results of the evaluation of the above-mentioned photoconductors, it is found that the photocon- 

40 ductor according to the present invention exhibits low residual potential and excellent sensitivity, even if the 
photoconductor is positively charged or negatively charged. On the contrary, although the photoconductors 
obtained in the Comparative Examples can be charged either positively or negatively, the photoconductor has 
high residual potential and inferior sensitivity as compared with those obtained in Examples regardless of the 
polarity of the charge. 

45 

(4) The containing ratio of the diphenoquinone derivatives to the hole transport material: 

In Example 5, the diphenoquinone derivatives are contained in the proportion of 10 wt% on the basis of 
the weight of the hole transport material. Judging from the comparison of the photoconductors obtained in 
50 these Examples with those obtained in other Examples including the diphenoquinone derivatives in the pro- 
portion of 50 wt% on the basis of the weight of the hole transport material, the effect of the combination of 
the diphenoquinone derivatives A and B is decreased when the content of the diphenoquinone derivatives is 
small. 

However, judging from the comparison of the photoconductors obtained in Example 5 and Comparative 
55 Example 12, in which the diphen quin n derivatives are c ntained in the proportion of 10 wt% on the basis 
of th weight f the hole transport material, even if the content of the diphenoquinone derivative B is decreased, 
the ff ct of the combination of the diphenoquinone derivatives A and B still remains, alth ugh it is decreased. 

Various ther modifications will b apparent to and can be r adily made by those skilled in th art without 
departing from the scop and spirit oft his inv nti n.Acc rdingly, it is not intended that the scope of the claims 
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d scription as s t forth herein, but rather that the claims be broadly 
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Claims 

1. An electrophotographic organic photoconductor comprising a conductive substrate and an organic pho- 
tosensitive layer formed on the conductive substrate, . n „ llL 

wherein the organic photosensith,e layer includes, as electron transpor materials, a 
nonederivativeAandadiphenoqu^^ 

than that of the diphenoquinone derivative A, and the diphenoquinone der.vative B .s included .n the pro- 
portion of 3 to 50 wt% on the basis of the total weight of the electron transport materials. 

2 An electrophotographic organic photoconductor according to claim 1 , wherein the organic Ph<*°^ 
layer is a monolayer made of a resin composition including a charge generation matenal, a hole transport 
material, electron transport materials and a binding resin. 

3. An electrophotographic organic photoconductor according to claim 2 wherein ^ 
terial is included in the proportion of 10 to 80 wt% on the basis of the we.ght of the binding resin. 

4. An electrophotographic organic photoconductor according to claim 2, wherein ^ ^^^^ 
ative A is represented by a general formula selected from the group consisting of the ft^omta 
1 through 3 and the diphenoquinone derivative B is represented by the following general Formula 4. 



25 



30 



35 




(l ) 




(2) 



40 



45 



50 



55 




(3) 




(4) 



wher in Ri thr ugh R« ar ind p ndently hydrogen, alkyl. alkoxy, aryl, alalkyl. cycl alkyl, amin r sub- 
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stituted amino; R 1 and R 2 are different from each other; and R 3 through R 8 can be different from one an- 
other, or two alon , or thre or four of R 3 through R 6 can be id ntical to one another. 

5. An electrophotographic organic photoconductor according to claim 2, wherein the diphenoquinon deriv- 
ative A is 3, 5-dim thyl-S'^'-di-t-butyl^^'-diphenoquinon . 

6. An electrophotographic organic photoconductor according to claim 2, wherein the diphenoquinone deriv- 
ative B is 3,3 , ,5,5'-tetra-t-butyl-4 t 4 , -diphenoquinone. 

7. An electrophotographic organic photoconductor according to claim 2, wherein the hole transport material 
has an ionization potential of 5.3 to 5.6 eV. 

8. An electrophotographic organic photoconductor according to claim 2, wherein the charge generation ma- 
terial has an ionization potential of 5.3 to 5.6 eV. 

9. An electrophotographic organic photoconductor according to claim 2, wherein the charge generation agent 
is included in the proportion of 0.1 to 10 wt% on the basis of the weight of the . binding resin. 

10. An electrophotographic organic photoconductor according to claim 2, wherein the hole transport material 
is alkyl substituted triphenyldiamine. 

11. An electrophotographic organic photoconductor according to claim 2, wherein the charge generation ma- 
terial is an X-type metal free phthalocyanine. 

12. An electrophotographic organic photoconductor according to claim 1 , wherein the diphenoquinone deriv- 
ative B is included in the proportion of 5 to 25 wt% on the basis of the total weight of the electron transport 
materials. 

13. An electrophotographic organic photoconductor according to claim 1, wherein a difference between the 
reduction potentials of the diphenoquinone derivative A and the diphenoquinone derivative B is 0.03 V or 
more. 
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FIG. 1 
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FIG. 3 
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PHOTORECEPTORS', 21-26 October 1990, 
PROCEEDINGS THE SIXTH INTERNATIONAL 
CONGRESS ON ADVANCES IN NON-IMPACT 
PRINTING TECHNOLOGIES; THE SOCIETY FOR 
IMAGING SCIENCE AND TECHNOLOGY, 
Springfield USA 

* page 280 - page 290 * 
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